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abstract
Six medical units realized that they were having issues with accurate timing of bedtime blood glucose measurement for their patients with diabetes. They decided to investigate the issues by using their current staff nurse committee structure. The clinical nurse specialists and nurse education specialists decided to address the issue by educating and engaging the staff in the defi ne, measure, analyze, improve, control (DMAIC) framework process. They found that two issues needed to be improved, including timing of bedtime blood glucose measurement and snack administration and documentation. Several educational interventions were completed and resulted in improved timing of bedtime glucose measurement and bedtime snack documentation. The nurses understood the DMAIC process, and collaboration and cohesion among the medical units was enhanced. J Contin Educ Nurs. 2014; 45(1):14-19. port that integrates recent literature into clinical practice standards (American Diabetes Association, 2013) . Recommendations include scheduled insulin administration, with basal, nutritional, and correction doses; blood glucose monitoring; and a hypoglycemia protocol. Although these standards are built into hospital systems, the challenge of preventing hypoglycemia is affected by individual patient comorbidities, frailties, pain levels, stress, and medication interactions (American Diabetes Association, 2013) .
Multiple hospital situations, such as altered oral intake, poor coordination of short-or rapid-acting insulin with meals, and medication adjustments can put patients at risk for hypoglycemia (Pollock & Funk, 2013) . Improving the timing of meals and insulin administration could reduce preventable treatment errors. Audits found increased frequency of hypoglycemia overnight because of the number of hours, up to 14, between dinner and breakfast or the absence of a bedtime snack (Kerry, Mitchell, Sharma, Scott, & Rayman, 2013) . There is a clear call for action to devise systems that will accommodate a ready response to unanticipated changes in nutrition, medication, and physical status. Improvements in communication and knowledge among those providing care must be addressed at the systems level. Specifi cally, synchrony is needed among multiple disciplines so that patient response to intake and insulin is monitored and calculated accurately to prompt appropriate treatment with orders and protocols (Draznin et al., 2013) .
The goal of bedside nurses is to keep patients safe by assessing them for signs of deterioration and intervening when necessary. The greater challenge, however, is to analyze an institution's systems to bring about a change that depends on multiple factors and players. This requires more than vigilance and dedication. It requires knowledge of systems and how stages in a process can produce or impede desired results. It also requires an analysis of how work gets done and what gets in the way.
Six general medicine units in a large Midwestern medical center were having issues with accurate bedtime blood glucose monitoring. Glycemic control in the inpatient setting is often challenging. The presence of counter-regulatory hormones and medications, such as steroids and vasopressors, increases glucose levels in patients with diabetes and patients without diabetes with new-onset hyperglycemia. The risk of hypoglycemia in the inpatient setting is a hidden concern because of changes in nutritional intake and variation in insulin sensitivity and insulin resistance. Scheduling of tests and procedures or nothing by mouth (NPO) status can confl ict with established hospital meal times, often leading patients to eat at varying times of the day. Most inpatient settings rely on members of the nursing staff to obtain glucose point-of-care testing in patient care areas. Variations in meal times in this setting make it diffi cult for nursing staff to obtain accurate blood glucose results. In the large Midwestern medical center, the recommendation is to measure blood glucose more than 4 hours after a meal. Otherwise, the result may show a postprandial blood glucose level.
Treatment of postprandial glucose levels can lead to hypoglycemia. In select cases, nursing staff might obtain a postprandial glucose test and treat the patient with a correction scale insulin dose based on that postprandial reading. This can lead to patient hypoglycemia. Similarly, nursing staff may postpone hypoglycemia treatment based on a postprandial reading. Accurate point-of-care glucose readings are important for all patients.
In particular, accurate point-of-care glucose readings at bedtime are important for patients with a known history of nocturnal hypoglycemia and those who are receiving basal or long-acting insulin overnight. Patients should go to bed with an accurate glucose measurement that is within the goal range to help prevent nocturnal hypoglycemia. The best way to do this is to take an accurate glucose measurement before bedtime that does not include a postprandial result and to give the patient a snack before bedtime if the glucose reading is less than the goal range.
Both nursing leadership, including clinical nurse specialists and nursing education specialists, and staff nurses understood the importance of correct timing of bedtime blood glucose measurements and snack administration to keep patients safe. They decided to assess these issues and address any concerns. Nursing leadership decided to take the opportunity to improve bedtime glucose practice by applying a quality improvement model to an existing issue.
BACKGROUND
The quality improvement method selected for use with this project was the defi ne, measure, analyze, improve, control (DMAIC) framework because it is intended to be used to improve existing processes (iSixSigma, n.d.; Terry, 2010) . The fi rst step is to defi ne the problem. The problem should be an objective statement of what is wrong and should list the target versus the actual performance. A common tool used in the fi rst step is a charter, which is a written document that outlines the project's purpose, problem, scope, goals, measures of success, team members, and timeline. After the problem is defi ned, the second step involves taking baseline measurements to support the problem. During the third step, CNE ARTICLE root causes of the problem are identifi ed, as are potential sources of process variability, waste, and imbalance. One common tool used during this step is the "5 Whys." This tool works to determine the root cause of the problem by asking why fi ve times or until the root cause is identifi ed. Once the root cause has been identifi ed, it is important to ask, "How can we prevent it from happening?" (iSixSigma, n.d.; Terry, 2010) .
During the fi nal steps of the DMAIC process, potential improvement ideas to address the root cause are generated and prioritized. One common tool used is brainstorming. True brainstorming is done quickly without evaluating or judging the suggestions. Once the brainstorming session is completed, prioritization occurs and a pilot is conducted that includes measurement to evaluate success. The results are assessed, and the interventions are modifi ed as needed. Control occurs when the new process is working well and there is no tendency to revert to the initial process. Although each step of this connected process is required to achieve the best possible results, a tollgate review, or meeting, is held after each step to ensure that all necessary activities are completed satisfactorily before the next step is launched (iSixSigma, n.d.; Terry, 2010) .
To facilitate the DMAIC process for six inpatient medical nursing units, the existing shared decisionmaking committee structure was used. The four committees in the medical specialty were continuous improvement, clinical practice, staff development, and preceptor. The six inpatient units also had these committees on their individual units. The chair of each unitbased committee is a member of the specialty-based committee. Therefore, each of the four specialty-based committees has a membership of one nurse from each unit as well as an advisor. A clinical nurse specialist advises the continuous improvement and clinical practice committees, and a nursing education specialist advises the preceptor and staff development committees. Each committee has a defi ned purpose. The continuous improvement committee facilitates continuous improvement initiatives in the specialty through data collection, data analysis, and recommendations for practice improvements. The clinical practice committee determines best practices within the specialty, collaborates with the department of nursing on specialty nursing practice issues across the care continuum, and facilitates and promotes evidence-based, patient-centered nursing care within the specialty. The staff development committee facilitates education and professional development, and the preceptor committee provides resources and mentorship to preceptors, who are charged with orienting new staff nurses.
The advisors used the project to educate and engage staff on the DMAIC process. They assigned each committee responsibility for completing elements of the DMAIC process. The continuous improvement committee was charged with measuring the problem by collecting baseline data. Based on that information, the clinical practice and staff development committees analyzed the data using the "5 Whys" technique and reported the root causes of the problem. The clinical practice and staff development committees brainstormed and provided several interventions for improvement. Afterward, the continuous improvement committee repeated the data collection process to see whether improvement occurred. To ensure that the improvement was sustained, a plan was put in place for the continuous improvement committee to collect data annually. The preceptor committee set up a plan for new nurses in orientation. Tollgate reviews were completed by the advisors and the diabetes clinical nurse specialist after each step of the process. This helped to ensure that the committees stayed on task and were working toward the same goals. This article discusses in greater detail how the medical specialty joined forces to tackle the problem of correct timing of bedtime blood glucose measurement and snack administration.
DEFINE
Information about hypoglycemia was shared with each of the committees in the medical population. The committee members believed that this was an important patient safety issue and a project that could improve the care provided to patients. The committees defi ned the problem and approved two objectives for the project. The fi rst objective was to increase compliance with bedtime blood glucose monitoring done 4 hours postprandial. The second objective was to increase documentation of bedtime snacks when blood glucose levels are less than 90 mg/dl. This information was formatted into a charter document. This document helped to ensure that the committees detailed what was being completed. The charter document was shared, updated, and approved by each committee throughout the project.
MEASURE
To evaluate the current environment, the continuous improvement committee members reviewed 193 patient charts for bedtime blood glucose checks taken on the six medical units over a 2-week period. They disregarded 11 of them because the patients were NPO or on continuous tube feedings. Of the 182 remaining bedtime blood glucose checks, data indicated that bedtime blood glucose levels were taken less than 4 hours postprandial for some patients. The institutional guidelines stated that nurses should give and document a snack when a patient's blood glucose level is less than 90 mg/dl. Review of patient charts showed that documentation was inconsistent and therefore accurate calculation was diffi cult. Staff were giving snacks inappropriately without noting a reason. Also, comparison of patients' bedtime and morning blood glucose levels suggested that some snacks were probably given but not documented.
ANALYZE
After the continuous improvement committee collected the baseline data, the results were shared with the clinical practice and staff development committees. They analyzed the data, looking for the root causes of the two main problems. They wanted to know why bedtime blood glucose levels were being taken less than 4 hours postprandial and why bedtime snacks were not being given and documented accurately.
Using "5 Why" analysis, several issues were identifi ed among the medical units. When asked why bedtime blood glucose levels were taken less than 4 hours postprandial, staff identifi ed six root causes. First, the group found that some nurses were not aware of the need to measure bedtime blood glucose levels 4 or more hours postprandial. Second, nurses were not aware that measuring bedtime blood glucose levels too early could result in falsely elevated results, which could lead to hypoglycemia. Third, nurses had diffi culty discerning when a patient last ate because the institution uses room service or on-demand meal delivery so that patients can order food at any time between 7:00 a.m. and 7:00 p.m. The nurses recognized that often an evening shift nurse would know when a patient last ate, but this information was not being communicated accurately to the oncoming night shift nurse. Nurses were not documenting the evening meal at the exact time that the patient was fi nished eating and were not including this information in their verbal or written handoff instructions.
Fourth, staff stated that the culture on the units was to have bedtime blood glucose levels checked before the night shift came on at 11:00 p.m. The nurses affi rmed that this task needed to be completed by the evening shift nurses or the night shift nurses would be upset. Fifth, nurses realized that there were different interpretations of the information on the screens on the glucose meters. To check a patient's blood glucose level, the nurse had to indicate when the patient last ate. The options included 3 to 4 hours and more than 4 hours. Some nurses were choosing the option of 3 to 4 hours when it had actually been more than 4 hours because they thought this category included the fourth hour. They did not realize how important it was for this information to be accurate or recognize how it could affect the patient's insulin regimen. Lastly, the bedtime glucose level was profi led to be checked at 10:00 p.m. as a reminder to the nurse. Nurses interpreted this as an evening shift task. Nurses also acknowledged that the nurses who worked the evening shift wanted to get the bedtime glucose taken before the night shift nurses started because generally the night shift nurse assignment includes more patients than an evening nurse assignment. The evening shift nurses believed that they were helping the night shift nurses. They were also concerned that if they did not complete the bedtime glucose measurements themselves, this task might be overlooked by the night shift nurses because it was profi led at 10:00 p.m. Overall, the nurses acknowledged that there was a knowledge and cultural gap as to the importance of correct timing of the bedtime blood glucose measurement.
When asked why patients were not given snacks, the staff identifi ed three root causes. First, the nurses stated that some nurses were not familiar with the nursing protocol that indicated that a snack should be given if the blood glucose level was less than 90 mg/dl. Second, they noted that some nurses still assumed that all patients with diabetes, regardless of their bedtime blood glucose level, should receive a snack to ensure that hypoglycemia did not occur during the night. Finally, staff indicated that they saw providing a snack when patients wanted one as good customer service to keep the patient happy, even if the patient's bedtime blood glucose level did not indicate that a snack was necessary.
Nurses discovered two root causes for why snacks were not being documented accurately. Staff indicated that nurses sometimes forgot to document the snack. Snacks are not indicated for many patients, so it was something that was easily overlooked. Also, they noted that it was diffi cult to locate where to document that a snack was given. Documentation of a snack was located in the electronic medical record but was noted in a separate location than all other oral intake.
After analyzing all of the root causes identifi ed by the bedside nurses, the clinical nurse specialists and nurse education specialists recognized two themes: (1) systems issues were creating barriers to best nursing practice and (2) nursing workfl ow decisions were being infl uenced by a fundamental lack of knowledge about the relationship among the timing of blood glucose measurements, meals, and patient glycemic control. Therefore, efforts to improve the quality of care for patients with diabetes were focused on these two areas.
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IMPROVE
The clinical practice and staff development committees brainstormed several interventions to address systems barriers and knowledge defi cits. Because the groups had limited resources and time, some interventions were more plausible than others. Yet, the group was able to deliver several interventions.
The staff development committee created an online education module to address the knowledge issues. They incorporated information on each root cause surrounding the timing of bedtime blood glucose measurement and snack administration and documentation. The education module then provided patient scenarios that required nurses to choose how to handle the situation. Based on how the nurse chose to treat the patient in the scenario, the patient outcome would change. All nurses working on the medical units were required to complete the online module.
Furthermore, each unit provided visual cues and reinforcement of the educational content. All of the medical units have electronic posters with a large monitor placed strategically on the units and a computer that supplies the same information to each monitor. It is used to post practice changes, policy updates, and educational offerings. The staff development committee extracted points from the education module and displayed them on the electronic posters to reinforce the concepts. In addition, each of the medical units had established areas where the blood glucose meters and supplies were kept. The clinical practice committee created signs that were posted in these areas on each unit summarizing when bedtime snacks should be given and which snacks would be appropriate to provide, based on the bedtime glucose level. This information was also posted in each unit's dietary area.
The clinical practice committee addressed one of the systems barriers involving communication using an electronic written report that nurses update at the end of each shift. To improve communication between nursing shifts about when patients last ate, the committee updated the report templates to include a prompt so that the nurses could indicate the time of patients' last oral intake. This helped the next shift to calculate what time the bedtime glucose level should be taken.
Discussions about the root causes took place in all of the unit-level and specialty-level committees. All of the members of the continuous improvement, clinical practice, staff development, and preceptor committees modeled best practices related to bedtime glucose timing and snack administration and documentation. Having their expertise on the units to answer "just in time" questions was instrumental in modifying their peers' practice.
The diabetes clinical nurse specialist worked with the nursing informatics specialists to change the location for documenting snack administration within the electronic medical record. After the change was made, the snack administration row was located directly under the oral intake row, where it was much easier to fi nd.
CONTROL
After the interventions were completed, it was important for the medical units to maintain the changes and ensure that best practices continued. This could be diffi cult because the medical units have many new nurses coming into the specialty on a regular basis. It was very important for the new nurses to be instructed by their preceptors so that the new practice would be sustained and perpetuated. The preceptor committee ensured that this occurred by creating resources to teach new nurses and ensure that the new procedures were incorporated into their practice.
A plan was also put in place as part of the charter that the continuous improvement committee would review the bedtime blood glucose data and snack administration data annually. The fi ndings were shared with the committees and discussed if further interventions were needed.
OUTCOMES
At the end of the project, committee members voiced their understanding of the DMAIC process. They stated that they were more comfortable with the process and were ready to participate in another project in the future and to function at a higher level. This project increased collaboration among the committees as well as among nurses from multiple units. It provided a sense of cohesion in the medical specialty because everyone was working toward the same goals.
Approximately 1 year after the initial data collection and after all of the interventions had been completed, the continuous improvement committee reviewed patient charts to see if there was improvement from the previous data. This time, 436 patient glucose checks were retrieved during a 2-week period. Patients who were receiving continuous tube feedings or were NPO were again excluded, resulting in 384 blood glucose checks to be reviewed. The rate of bedtime blood glucose levels taken at least 4 hours postprandial increased by 53%. When bedtime snack documentation was evaluated, it was clear that patients who required a snack had a bedtime snack documented accurately. When the postintervention data were analyzed, bedtime snacks were documented accurately 92% of the time.
RECOMMENDATIONS
Choosing a real-world problem with easily quantifiable results is a practical way to demonstrate the value of the quality improvement model. Working with a process in which numerous small errors added up to a greater problem showed the effi ciency of correcting "glitches" in an otherwise sound model. Nurses in the medical specialty know how to manage diabetes. What was causing trouble was a failure to transmit, time, and document small bits of data accurately. Staff education focused on clarifying expectations, changing cultural routines, and increasing awareness of how the actions of individuals interact to create solutions for patients. The leadership of specialty committees in this effort was key in modeling of professional behavior. Educating all staff on the process, intervention, and outcome required dedicated effort and problem solving. Nurses needed to learn about the quality improvement process and tools themselves and translate that knowledge into practice improvement. Educating all staff on a different way to approach problems was instrumental to the success of this quality improvement project.
It was important for committee members to become acquainted with the use of the elements of the DMAIC process to solve the problem. Instead of studying quality as a separate body of knowledge, the approach was to pick an actual problem that needed solving and apply the principles to that problem. Initial examination of the bedtime blood glucose measurement and snack administration and documentation routines seemed to indicate that a number of small missteps were contributing to a larger problem. The ongoing meetings of the committees allowed a group of people to study data, clarify practice, implement change, and track outcomes beyond the initial launch. The committees thus thought out their relationships to each other and how each contributed to improving the performance of the group. The work of the committee members in creating a quality charter showed how analysis and deliberate action could improve outcomes. The greatest benefi t was having the whole process generated and sustained by staff nurses who owned a solution. Committee work took on real meaning and was more than an airing of problems and sharing of opinions. It became a scientifi c inquiry into what was actually happening and how to infl uence staff behavior to bring about a change that benefi ts patients.
1
Applying the defi ne, measure, analyze, improve, control (DMAIC) process to address a practice issue was an excellent opportunity to engage staff nurses.
2
Engaging staff at every level of the project ensured that progress was made and the new practice was perpetuated.
3
Ensuring the correct timing of bedtime blood glucose measurement and accurate snack administration and documentation is key for providing safe care for patients.
